I.
General 19 F NMR spectra were recorded on a Bruker Avance 400 MHz or a Bruker Avance 500 MHz spectrometer. Gas chromatographic analyses were performed using a DB-Wax column on a Shimadzu GC-17 with FID and referenced to an internal standard (octadecane). All reagents were purchased from Sigma-Aldrich and used as received unless otherwise noted. Palladium acetate was purchased from Sigma-Aldrich and recrystallized from benzene/AcOH prior to use. Trifluromethanesulfonic acid (TfOH) was purchased from Sigma-Aldrich and stored under N 2 in a Schlenk flask. 3,3',4,4'-Tetramethylbiphenyl was purchased from Alfa Aesar. Scandium trifluoromethanesulfonate (Sc(OTf) 3 ) was purchased from Strem Chemicals.
Kinetic Data Acquisition. Catalytic aerobic oxidative biaryl coupling reactions were performed using a custom reaction apparatus that enabled up to 48 reactions to be performed simultaneously under a constant pressure of O 2 (approx. 1 atm) with controlled temperature and orbital agitation.
In a 6 mL vial, palladium acetate (0.045 mmol), 2-fluoropyridine (0.09 mmol), trifluoroacetic acid (0.045 mmol) and acetic acid (2.0 mL) were combined and stirred at room temperature for 30 min. The resulting bright-yellow solution was used as a Pd stock solution. In a separate 6 mL vial, copper trfilate (0.0225 mmol) and acetic acid (1.0 mL) was combined and the resulting blue solution was used as an additive stock solution. In a third 6 mL vial, octadecane (0.06 mmol) and o-xylene (20 mmol, 2.40 mL) were combined and stirred at room temperature for 30 min. The resulting solution was used as a substrate stock solution. Reaction tubes (13 × 100 mm test tubes) were placed in the 48-well parallel reactor mounted on a Glas-Col large capacity mixer. The reactor temperature was set to 80 °C and allowed to equilibrate for 10 min. The Pd stock solution (200 µL, containing 0.0045 mmol Pd) and the additive stock solution [200 µL, containing 0.0045 mmol Cu(OTf) 2 ] was added, after which the headspace was purged with O 2 for 10 min. Injection of the substrate stock solution (480 µL, containing 4 mmol o-xylene) established the t = 0 point. After various time intervals, 100 µL aliquots were removed, quenched/diluted with 900 µL chloroform/pyridine 100:1 solution and analyzed by GC. This procedure also was applied to acquisition of kinetic data for other triflate additives, KIE experiments as well as determination of the yield of biaryl product at t = 17 h. TON = turnover number = 2×mole (biaryl)/mole (Pd). In all cases, the reaction proceeds with >10:1 regioselectivity, favoring the formation of 3,3',4,4'-tetramethylbiphenyl (shown above) over the other isomer, 2,3,3',4'-tetramethylbiphenyl. Initial rates and turnover numbers reported correspond to the formation of the major product. For complex 1,
OAc integration:
2F py integration = 3:2;
OAc peak corresponds to 3 Hs;
2F py peak corresponds to 1 H;
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Characterization of Species 1 in Toluene-d 8 /AcOH-d 4 . NMR data shown below ( Figure S3 -S5) were acquired in toluene-d 8 /AcOH-d 4 (1:1). The stacked plot in Figure S3 shows that the peaks corresponding to 1, A and B can be tracked by comparing the spectra of the [Pd] catalyst system at different toluene/AcOH ratios. It is evident that complexes 1, A and B are present in toluened 8 /AcOH-d 4 (1:1). An additional peak (D) also appears with the addition of AcOH. Figure S3 . Figure 2A of the manuscript. Figure S5 . 1 Figure S6 shows the NMR control experiments used to guide determination of the composition of species 2. The signal in Cu(OTf) 2 / 2F py (1:2) system (peak E in spectrum (i) was assigned to OTf based on relative integration of the peak from 2F py (4.8 µmol F from 2F py and 14.4 µmol F from OTf were added, and peak E corresponds to 11.7 µmol F). The lack of 2F py peaks in spectrum (i) is attributed to coordination of 2F py to the paramagnetic Cu II center. It is worth noting that acetic acid is a cosolvent in the catalytic reaction and therefore is included as a cosolvent in the NMR experiments. The AcOH solvent appears to undergo exchange with the anionic TFA ligand coordinated to Pd, resulting in formation of the corresponding Pd acetate species and TFAH. Nearly all of the TFA species present in the indicated samples are evident in the NMR spectrum as TFAH [see spectra (c) and (e) below].
Figure S6.
19 F{ 1 H} NMR spectra used to determine the structure of species 2. The data demonstrate the requirement for Pd(OAc) 2 4 (1:1). The TFAH (F') peak heights in spectra (c) and (e) are truncated to avoid their overlapping with adjacent spectra.
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Ligand Titration Experiment for the Assignment of 2. To assign the 2F py: Pd ratio in species 2, a titration study was performed with various amounts of 2F py added to a solution of Pd(OAc) 2 :TfOH (1:1). As shown in Figure S7 , the concentration of 2 maximizes at L:Pd = 2:1 and then starts to decline. Meanwhile, peaks H and H* starts to grow, and they appear as a doublet (7.8Hz) and a triplet (7.8 Hz) with a fixed integration ratio of 2:1. This observation suggests that H and H* are associated with a single species, tentatively assigned as a tris-(2-fluoropyridine) complex. The assignment of 2 and H accounts for ~90% of Pd in spectra (d)-(g), with the balance corresponding to unligated Pd(OAc) 2 or other unidentified species. The F-F coupling (7.8 Hz) observed for the two types of 2F py in species H is consistent with the inter-ring through-space F-F coupling, which has been observed previously in cis-Pd(C 6 BrF 4 ) 2 complexes (2-4 Hz or 10-51 Hz, conformation-dependent) by Espinet. Figure S8 is Figure S9 is the result of titrating Cu(OTf) 2 Initial rates of the reactions were defined as the slope of the concentration of biaryl product versus time from t = 0 to ≤5% conversion. Figure S11 provides the time-course data for Figure  3B in the manuscript. Figure S13 provides the time-course data and initial rates for oxidative biaryl coupling at various Cu:Pd ratio with 22.5 mM [Pd] , demonstrating that the rate maximizes at Cu:Pd ≥ 2:1. Figure S14 provides the time-course data for oxidative biaryl coupling with 0.1% Pd(OAc) 2 / 2F py (1:2) and 0.1% of metal triflate additives, demonstrating that the initial rate is much faster with Fe(OTf) 3 than with Cu(OTf) 2 or Al(OTf) 3 . 
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Derivation of Rate Laws
A simplified reaction mechanism with [Pd]/Cu(OTf) 2 as the catalyst system is shown in Scheme S1. Anionic exchange occurs between L 2 Pd(TFA)(OAc) (1) Figure 1C ) are assumed to be fast and do not contribute to the rate law. C-H activation with 1 is 45-fold slower than 2, and therefore makes only minor contribution to the reaction rate and is not included in the reaction mechanism.
Scheme S1. Description of the reaction mechanism in the presence of Cu(OTf) 2 The rate laws at low and high Cu:Pd ratios are shown below, followed by their derivations:
At low Cu:Pd ratio,
At high Cu:Pd ratio,
Eqs (S1) and (S2) indicate that the dependence of reaction rate on the total concentration of Cu should be first-order at low Cu:Pd and zeroth-order at high Cu:Pd. This conclusion is consistent with the saturation kinetics on Cu:Pd observed at a fixed Pd concentration (cf. Scheme 3B).
Detailed derivation of the rate laws follows.
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Detailed Rate Law Derivation
Reaction rate in terms of [2]:
The reaction rate is equivalent to the rate of turnover-limiting C-H activation: At steady state,
(S4) may be rearranged in terms of [2] :
, thereby simplifying (S5) to:
The Pd mass balance may be represented as:
The Cu mass balance may be represented as:
The OTf mass balance may be represented as:
Eqs S6-S9 may be arranged in terms of [2] : . Therefore Eq S10 can be simplified:
Therefore, at low [Cu]: . Therefore, Eq S10 can be simplified:
Figure S16 provides the dependence of the oxidative biaryl coupling on the concentration of CF 3 CO 2 H, which demonstrates that CF 3 CO 2 H has very little effect. Density functional theory calculations were performed with the density functional RM06L. 4 A combination of the Stuttgart RSC 1997 ECP 5 for Pd and the all-electron 6-31+G(d) basis set for all other atoms was used for gas-phase geometry optimizations and normal mode analyses. Full geometry optimizations were carried out in internal coordinates using the default Berny algorithm. Frequency calculations were performed at the optimized geometries to confirm that each geometry had the appropriate number of imaginary frequencies: zero for minima or one for transition states. The imaginary frequency identifying a saddle point was visually inspected for the proper motion.
At the calculated stationary points, solvation-corrected single-point total energy calculations were carried out with the Pd basis detailed above and the 6-311+G (d, p) basis on all other atoms with electrostatic and non-electrostatic solvation effects evaluated using the polarizablecontinuum model (PCM). The solvation cavity was generated using UFF radii, explicitly treating hydrogen atoms, and the radii were scaled by a factor of 1.2. Acetic acid was chosen as the solvent.
Labels for Structures.
In addition to structures shown in Figure 4 in the manuscript, a Pd(TFA)(OTf)-based pathway, and the conformational isomers of the transition state in each pathway where the aryl group and 2-fluoropyridine ligand are trans to each other were also considered. 
